The nested polymerase chain reaction technique was compared with the conventional smear and culture methods for detection of Mycobacterium tuberculosis. The nested polymerase chain reaction used in this study showed excellent specificity, sensitivity, and agreement with the conventional methods for 417 clinical samples, indicating a contribution to the rapid diagnosis of mycobacterial infectious diseases.
with phosphate-buffered saline, and 100 ,ul of each dilution was inoculated onto 1% Ogawa medium (Nissui Pharmaceutical Co., Tokyo, Japan) and incubated for 3 to 6 weeks at 37°C to determine the number of viable organisms present. The PCR described below was performed in the range of 104 to 10-4 CFU to calculate its detection limit with the dilutions described above.
Extraction of DNA from the common bacteria was performed basically in accordance with the method of lysis by alkali and sodium dodecyl sulfate (SDS) described by Sambrook et al. (16) . The bacteria in 1. trations, 1 mg/ml and 3%, respectively); sonicated for 15 min at 60°C; and incubated for a further 30 min. DNA extraction with phenol and chloroform was performed as described above. The quantity of DNA in an aliquot of M. tuberculosis was measured with a 450 fluorometer (Sequoia-Turner Corporation) to prepare a 10-fold dilution sequence. The PCR was then performed over a range of 1 ng to 0.1 fg to calculate the detection limit imposed by the DNA quantity. The 417 various clinical samples shown in Table 1 were examined. For comparison, each sample underwent three examinations: microscopic smear examination by ZiehlNeelsen staining, culture on 1% Ogawa medium, and nested PCR. Liquid samples, such as pleural effusion or cerebrospinal fluid, were centrifuged at 10,000 x g for 20 min, and the pellets were examined in all three ways. Sputum samples were mixed with the same volume of 2% sodium hydroxide, incubated for 30 min at 37°C, and subjected to the three examinations. Biopsied specimens were mechanically homogenized with the same volume of phosphate-buffered saline and examined similarly. All samples were cultured in duplicate and observed for up to 8 weeks. For PCR examination, dithiothreitol (final concentration, 1 mg/ml) was added only to sputum samples at the beginning of the procedure and incubated for 20 min at 37°C. All samples were centrifuged at 10,000 x g for 10 min, the supernatant was discarded, and the pellets were resuspended in 300 ,l of TE buffer. Lysozyme was then added at a concentration of 1 mg/ml and incubated for 90 min at 37°C. Next, proteinase K and SDS solutions were added at 1 mg/ml and 3%, respectively and the mixture was further incubated for 30 min at 60°C. As previously described, DNA was then extracted with phenol and chloroform and recovered by ethanol precipitation. The DNA extracted was resuspended in 50 RI of distilled water, of which 10 ,ul was used for the PCR. The clinical samples were always accompanied by a sample of distilled water as a negative control.
Primers capable of specifically amplifying the gene sequence that encodes the 38-kDa protein (protein antigen b) of M. tuberculosis were prepared as described by Bengard Andersen et al. (1) . The primers reported by Sjobring et al. (17) , 5'-ACCACCGAGCGGTTCGCCTGA-3' and 5'-GATC TGCGGGTCGTCCCAGGT-3', were used in the first PCR.
For the second PCR, the so-called nested PCR, 18-base primers, 5'-TGACGTTGGCGGAGACCG-3' and 5'-ATGGT GCCCTGGTACATG-3', were devised by using the interior sequence of the protein antigen b-encoding gene as a reference. All of the primers described above were synthesized with a 380B DNA synthesizer (Applied Biosystems, Foster City, Calif.). A PCR reaction solution was prepared by mixing 90 ,ul of a previously mixed reaction mixture (50 mM KCl, 10 mM Tris-HCl, 1.5 mM MgCl2, 100 ,ug of gelatin per ml, all four deoxynucleotides at 0.3 mM each, 100 pmol of each of the oligonucleotide primers) and 10 ,ul of the target DNA to create a total of 100 RI. Then, 40 p,l of light mineral oil was layered onto the reaction solution. After the DNA was denatured at 94°C for 10 min, 2.5 U of AmpliTaq enzyme was added and PCR was performed under the conditions described below. For an adequate reaction, 35 cycles were performed. Each cycle consisted of denaturation at 94°C for 1 min, annealing at 63°C for 90 s, and extension at 72°C for 1 min. For the second PCR, 10 ,ul of the reaction solution containing the amplified products from the first PCR was sampled and mixed with 90 pu1 of a freshly prepared reaction mixture. This was followed by the same procedures used to obtain the first PCR product. For analysis of the final PCR product, 3% agarose gel (NuSieve GTG agarose) electrophoresis was performed with 10 ,u1 of the reaction solution and the DNA fragment was confirmed by ethidium bromide staining at a concentration of 1 p,g/ml. A Southern blot hybridization assay employing an enhanced chemiluminescence gene detection system (RPN2131; Amersham International plc.) was conducted in accordance with the manufacturer-recommended protocol to evaluate whether or not the band detected was specific for the target gene. This procedure was performed on the nested PCR products by using the synthesized oligonucleotide 5'-GGCCTlTTCACGAGAGGTAT-3' as a probe. The specificity of the PCR was confirmed by the presence or absence of the intended band.
Regarding specificity for various mycobacteria (Fig. 1) , the nested PCR product of 322 bp was detected only in the M. tuberculosis complex (M. tuberculosis and M. bovis) and was not observed in the other 10 strains of mycobacteria other than M. tuberculosis. In the same experiment, specificity for 10 common bacteria was determined (Fig. 2) were detected on the lanes containing M. xenopi, K pneumoniae, and S. marcescens, the Southern blot hybridization assay subsequently confirmed that they were not target gene fragments ( Fig. 3A and B) . On the other hand, molecular fragments larger than the intended PCR products were observed on the lanes containing the M. tuberculosis complex in the nested PCR and hybridized with a specific oligonucleotide probe. This phenomenon seemed to have occurred by random annealing of PCR products or amplification under the condition of insufficient denaturation of DNA fragments.
The sensitivity of the nested PCR was evaluated by using 10-fold bacterial dilutions. The bacterial count detection limit for the first PCR (Fig. 4A ) was 102 CFU for M. tuberculosis, but the sensitivity increased approximately 1,000-fold to 0.1 CFU, following the second PCR (Fig. 4B) . Similarly, DNA quantity sensitivity was examined. The DNA detection limit for the first PCR (Fig. 5A ) was 10 pg, but this also increased 1,000-fold, to 10 fg, which is equivalent to two cells of M. tuberculosis, following the second PCR (Fig. 5B) samples for which positive results were obtained by the conventional methods were also positive by PCR (n = 64), for a sensitivity of 97.0%. In addition, 28 of the 351 samples which were negative by the conventional methods were positive by PCR and the remaining 323 samples were negative by PCR, for a specificity of 92.0%. The 21 patients from whom the 28 samples were collected were all strongly suspected to have tuberculosis. Among these patients, M. tuberculosis was detected in kinds of specimens other than those detected by PCR in four patients and confirmed histologically in six patients; a high level of adenosine deaminase in the pleural effusion or cerebrospinal fluid was observed in six patients, and improvement of clinical symptoms and radiological findings was observed after administration of antituberculous agents in the remaining five patients. On the other hand, all of 10 smear-positive and culture-negative samples from 10 patients treated with single or combined administration of antituberculous agents were PCR positive.
Molecular biology has recently come to exert a great influence on the progress of diagnostic technology and treatment approaches for various diseases. A DNA probe (6, 11) been used in the field of infectious diseases, especially for diagnosis of viral or mycobacterial infections, for which isolation and culture are difficult or require prolonged periods.
Many researchers have studied proteins specific to various mycobacteria and the genes that encode such proteins. Some genes, such as those for the 65-, 38-, and 19-kDa proteins, have been successfully identified, and the information has been adapted for bacterial detection by PCR (3-9, 12, 14, 17, 19) . For this study, several pairs of primers for various genes were prepared to examine specificity and sensitivity for detection of M. tuberculosis (results not shown). It was eventually determined that the primers for amplification of a part of the 38-kDa protein antigen b reported by Sjdbring et al. (17) have excellent specificity for the M. tuberculosis complex, and they were used in the tests described here.
We adopted a two-step, nested PCR method with the aim of enhancing sensitivity to a point greater than that provided by a single-step PCR. This method had already been reported as capable of detecting human T-cell leukemia virus type I (10) or hepatitis B virus (8) produced the same result, the possibility of accidental DNA contamination seems unlikely.
The nested PCR method was conducted on 417 clinical samples, and the results were compared with those obtained by conventional methods. The nested PCR method correlated well in both specificity and sensitivity with the conventional methods. Additionally, it showed usefulness not only for patients with positive results by the conventional methods but also for 21 patients whose 28 samples were negative by the conventional methods. These 28 samples included pleural effusion, cerebrospinal fluid, ascites, blood, urine, biopsied tissue, and so on, which have relatively low rates of affirmation by conventional methods. Special precautions, however, need to be taken to avoid DNA contamination. Dedicated instruments and a clean bench in a clean room which has never been exposed to clinical specimens should be used to prepare all PCR solutions. Additionally, another room should be used for pretreatment of clinical samples, mixing of PCR solutions, operation of the PCR system, electrophoresis of PCR products, and so on.
Detection of causative bacteria marks the decision to begin treatment for an infectious disease. The earlier this decision is made, the better for the patient, especially in the case of tuberculosis. Compared with conventional methods for detection of M. tuberculosis, the nested PCR is far superior in sensitivity and rapidity and will become a useful means by which we are able to report positivities, even when conventional methods produce negative results.
